SUMMARY A method is described for the isolation of parietal cells from the gastric mucosa of the guinea pig by enzymatic digestion with collagenase. A suspension was obtained that contained 70-80 % parietal cells. About 80 % of the cells were viable immediately after incubation, but viability dropped sharply after one hour. Parietal cells were identified by their morphology on light and electron microscopy, by their uptake of neutral red, by immunofluorescent staining and by carbonic anhydrase activity.
find evidence of a cellular immune response to various gastric mucosal fractions and to liver mitochondria although the leucocytes of some control patients also showed a positive response.
The role of gastric antibodies or cell-mediated immune responses in causing or perpetuating the gastric disease process remains undefined, although they are clearly evidence of an abnormal immune response. So far, no direct evidence has been obtained to show that such antibodies are cytotoxic to parietal cells. However, results suggestive of cytotoxic damage have been obtained by some investigators. Tanaka and Glass (1970) documented a reduction of parietal-cell mass in rats repeatedly injected with parietal canalicular antibody and Inada and Glass (1972) showed a similar reduction of gastric chief cells associated with repeated injections of intrinsic factor antibody into rats (in this animal the chief cell is the source of IF). No concomitant inflammatory response, such as that described by Hausamen, Halcrow, and Taylor (1969b) , was noted.The parietal-canalicular antibody has also been shown to inhibit acid production by the isolated bullfrog stomach (Hausamen, Brus, Fisher, and Taylor, 1969a) .
The purpose of the present study was to isolate pure populations of gastric mucosal cells for the following reasons: (1) to obtain antigens defined by cell type which could subsequently be purified and characterized and used for examining both humoral and cell-mediated immune responses in pernicious anaemia and autoallergic gastritis; (2) to use such cells as target cells in studies of cytotoxicity, whether mediated by antibody or cells or a combination of the two.
Materials and Methods

ANIMALS
Parietal cells were isolated from the stomachs of Hartley strain guinea pigs weighing 300-600 g. Rabbits were used for all immunizations. SERA Sera were collected from patients with pernicious anaemia and chronic atrophic gastritis, and stored at -20°C.
ISOLATION OF PARIETAL CELLS
Perfusion method Perfusion of the stomach was adapted from the procedure described by Berry and Friend (1969) for the isolation of liver cells. Guinea pigs were anaesthetized with intraperitoneal Nembutal. The arterial supply to the stomach was perfused with Hanks' solution (Grand Island Biological Company) until most of the blood had been flushed out. Perfusion was then continued for 10, 20, 40 or 60 min with Hanks' solution containing 0 05 % collagenase (Sigma, type I) at a rate of 2 to 3 ml per minute. The Hanks' solution was gassed continuously with 95% oxygen and 5% carbon dioxide. Following perfusion, the stomach was removed, washed with 0 9y% saline, and the mucosa scraped off with a glass slide. The mucosal fragments were put through a stainless steel grid (60 gauge) and suspended in medium 199 (GIBCO). They were gently shaken for four to five min and then centrifuged at 10 x g for five minutes. All these procedures were performed at 4°C. The supernatant was examined for cells using phase-contrast microscopy. This perfusion method did not separate the cells from the gastric mucosa. Therefore we attempted incubation of the mucosa with collagenase.
Incubation in vitro Guinea pigs were stunned and their stomachs removed, opened and rinsed with 0-9% saline to remove contents. As much mucus as possible was removed by gentle wiping with a paper tissue. The antrum was cut off and the mucosa of the body of the stomach was removed from the muscularis mucosae by scraping with a glass slide. The scrapings were pressed through a stainless steel grid (60 gauge) and suspended in medium 199. These procedpres were performed at 4°C. The mucosal fragments were allowed to settle for five to 10 min, and the supernatant was poured off. Two to three ml of fragments was added to 5 ml aliquots of medium 199 in 25 ml conical flasks. Collagenase (Sigma, type I) was added to give a concentration of 0 05%. The flasks were incubated at 37°C with gentle shaking and were gassed continuously with 95% 02 and 5% C02. After 20 min, the contents of each flask were centrifuged at 10 x g for five min at 4°C and the supernatant was carefully removed. The pellet was re-incubated in 5 ml of medium 199 containing 0'05% collagenase for a further 20 minutes. The supernatant was re-spun at 100 x g for five min to bring down the isolated parietal cells. The cells were washed in Hanks' solution and were finally resuspended in medium 199. They were kept at 4°C. Cells were harvested in this way after each 20-min incubation period until the largest possible number of cells had been obtained. The cells were finally pooled, washed in Hanks' solution, and re-suspended in 1-2 ml of medium 199. They were counted in a haemocytometer using phase-contrast microscopy.
VIABILITY
The viability of the isolated cells was assessed by their ability to exclude trypan blue (0 05 % in phosphate-buffered saline, pH 7.2) and 0-05 % lissamine green V (George T. Gurr, London). The activity of succinic dehydrogenase was assayed by staining with nitro-blue-tetrazolium (NBT) using a modification of the method of Nachlas, Tsou, de Souza, Cheng, and Seligman (1957) .
IDENTIFICATION
Parietal cells were identified by: (1) their large size on phase-contrast microscopy; (2) their ability to take up neutral red (0 1 %) (Bradford and Davies, 1950) ; (3) immunofluorescence using smears of isolated cells made on albumin-coated slides; (4) appearances by electron microscopy. For electron microscopy, cells were fixed overnight in 1 % osmium tetroxide in Millonig's phosphate buffer, pH 7-2, at 4°C. They were then dehydrated in graded alcohols and embedded in Epon-araldite plastic. Sections were viewed in a JEM-IOOB electron microscope. ENZYME ACTIVITIES Carbonic anhydrase and pepsin activities were measured in the isolated, parietal-cell preparations and in the mucosal fragments from which they had been isolated. The cells and the mucosa were homogenized using a Potter-Elvehjem tissue grinder. The carbonic anhydrase was measured using the method of Karler and Woodbury (1963) , and the pepsin was assayed using haemoglobin as a substrate (Anson, 1938) . The protein content was measured by the method of Lowry, Rosebrough, Farr, and Randall (1951) and the enzyme activity was expressed as units per milligram of protein.
Enzyme assays were performed in duplicate.
PREPARATION OF ANTIGENS
Homogenized parietal cells were prepared by suspending the isolated cells in 5 ml of TKM' and homogenizing them using a Polytron PT10 homogenizer. The homogenate was dialysed against 0 01 M phosphate buffer pH 7-2 containing 0-15 M NaCl (PBS) and concentrated to 1-2 ml by ultrafiltration (Amicon, Model 12 with a PM1O membrane).
Cell membranes were obtained by freezing the isolated parietal cells in liquid nitrogen, then thawing in warm water; the freezing and thawing were repeated three times. The suspension of ruptured cells was centrifuged at 750 x g for 10 min at 4°C. The pellet containingthe membranes was resuspended in phosphate-buffered saline.
Fractions of membranes and microsomes from the gastric mucosa of the guinea pig were prepared from a suspension of mucosal scrapings that had not been treated with enzyme. The suspension in TKM was homogenized for one to two minutes in a Polytron PT 10 homogenizer and then centrifuged at 15 000 x g for 15 minutes. The pellet, containing membranes and mitochondria, will be referred to as the '15 000 x g fraction'. The supernatant was centrifuged at 105 000 x g for one hour. This pellet will be referred to as the 'microsomal fraction'. Both pellets were washed once in PBS, re-centrifuged and then lyophilized. They were stored at -20°C. The supernatant from the 105 000 x g centrifugation contained the soluble protein. This was dialysed against PBS, concentrated by ultrafiltration and lyophilized for storage. Soluble protein was obtained from the body of the guinea-pig stomach, the antrum and the isolated parietal cells.
The microsomal fraction of the body of the hog stomach was obtained by the method of Baur et al (1965) . The guinea-pig antral homogenate used to ibsorb antisera for immunofluorescent studies was prepared by scraping off the antral mucosa from guinea-pig stomachs. The antral mucosal fragments, suspended in TKM, were homogenized, dialysed against PBS, and then lyophilized.
150 mM Tris-HCI (pH 7-6), 25 mM KCI, 10 mM MgCl, 025 M sucrose IMMUNIZATION SCHEDULES Rabbits were immunized with: (1) whole parietal cells; (2) homogenized cells; (3) the cell membrane fraction; and (4) soluble protein from the body of the guinea-pig stomach. Approximately 107 cells were used for each injection. One ml of cells, or cell fractions, was emulsified in 1 ml of complete Freund's adjuvant (Difco) and injected intradermally at multiple sites. Three weeks later, an intravenous injection of the antigen was given. The rabbit was bled 10-14 days after the second injection. Subsequent booster injections were given intravenously as required. The antisera were stored at -200C.
IMMUNOFLUORESCENCE
Gastric tissue was obtained from guinea pig, rat, rabbit, mouse, bullfrog (Rana catesbiana) and human. The tissue was immediately frozen on dry ice and stored at -20°C until used. Fluoresceinated goat antisera to rabbit serum globulins and rabbit antisera to human serum globulins were obtained from Antibodies Incorporated (Davis, California).
The fluoresceinated antisera were used in the proportion of 2:1 with rhodamine-conjugated bovine serum albumin (Microbiological Associates, Bethesda Md.). The immunofluorescent test was carried out as described by Fisher and Taylor (1965) . Serum from a patient with pernicious anaemia which contained a strongly positive canalicular antibody and normal rabbit serum was included in each test as positive and negative controls. The results were read using a Zeiss Standard R.A. fluorescent microscope with Zeiss BG3 and UG5 excitor filters and a Zeiss barrier filter 50. Kodak high-speed Ektachrome was used for photography.
COMPLEMENT FIXATION
The titre of complement-fixing antibodies was determined by a micro-modification of the method of Donnelley(1951) using disposable U-plates (Cooke Engineering Co, Alexandria, Va.). Two minimum haemolytic doses of guinea-pig complement were used and the titre was expressed as the highest dilution of the antiserum which gave complete fixation of the complement. The antisera were tested at least twice.
INTRINSIC FACTOR ANTIBODIES Sera were tested for intrinsic factor antibodies by two methods. In the charcoal assay of Gottlieb, Lau, Wasserman, and Herbert (1965) , human and guinea-pig gastric juice was used as sources of intrinsic factor. 57Co-labelled vitamin B12 (Amersham-Searle Corp, specific activity 10 ci/ml) was diluted with non-radioactive B12 so that the final concentration of B12 was 20 ng B12 per ml and approximately 004 ,uCi/ml. The results were expressed as percentage inhibition by antiserum of binding between 57CoB12 and intrinsic factor. The antisera were also tested using the guinea-pig mucosal homogenate assay (Ashworth, England, Fisher, and Taylor, 1967) 
IDENTIFICATION
The cells were readily identified as parietal cells by phase-contrast microscopy because of their large size (14-16 u) and their ability to take up neutral red, which is not taken up by other gastric cells. Parietal cells stained deep blue after incubation with NBT on account of their high level of succinic dehydrogenase. Epithelial cells, with a lower level of this enzyme, were faintly pink, and other cells showed no colour at all. In each of these tests, isolated cells were compared with intact glands and frozen tissue sections stained in the same way.
Electron micrographs showed the characteristic parietal-cell canaliculi lined with microvilli and cytoplasm packed with numerous mitochondria (fig 1) . Identification was further confirmed by immunofluorescence. Smears of the isolated parietal cells were incubated with serum of a patient with pernicious anaemia known to contain antibodies to gastric parietal cells, followed by fluoresceinated rabbit antiserum to human globulins. The isolated cells fluoresced under uv light (fig 2) . Similar smears of epithelial cells could not be stained this way. The rabbit antisera to the isolated cells were absorbed with a lyophilized homogenate of guinea-pig antrum to remove any antibodies directed against mucus, connective tissue, chief cells, epithelial cells, or mucous neck cells. Smears of the isolated cells were incubated with the absorbed rabbit antisera followed by fluoresceinated antiserum to rabbit immunoglobulins, and again only parietal cells fluoresced (fig 3) .
In our experiments the simplest and most accurate estimate of purity was obtained by direct count under the phase-contrast microscope of cells that took up neutral red. BreMiller (1961) used estimations of carbonic anhydrase and pepsin activities as a criterion of separation of parietal cells from other cells of the gastric mucosa. Our own data show an increase of carbonic anhydrase activity (expressed as units of enzyme activity per milligram of protein) compared with the activity in the whole mucosa and a fall in pepsin activity (table III) .
VIABILITY
The cells obtained after incubation for 90 to 120 min with collagenase were usually viable. More than 80 % excluded trypan blue and lissamine green. niques. The three antisera to preparations of isolated parietal cells all contained antibodies to guinea-pig parietal cells when tested by indirect immunofluorescence. These antisera also contained antibodies to other elements of the gastric mucosa, which were absorbed with a lyophilized homogenate of guinea-pig antrum. An antibody which produced cytoplasmic staining of the parietal cells was found in each of the antisera (fig 5) . The antibody was specific for the gastric parietal-cell cytoplasm; no fluorescence was detected when the antisera, absorbed with antrum, were tested on frozen sections of guinea-pig kidney, liver, or small intestine. The rabbit antibody to parietalcell cytoplasm resembled the antibody to the parietal-cell canaliculus found in serum from patients with pernicious anaemia in that both could be absorbed with hog-stomach microsomes. The rabbit antibody, however, cross-reacted with gastric To demonstrate a parietal cell cytosol antigen, antiserum was made to soluble protein extracted from the body of the guinea-pig stomach. It was absorbed with antrum and hog microsomes and was tested by immunofluorescence. Faint cytoplasmic fluorescence was seen which could not be removed by further absorption with microsomes. Fluorescence also persisted following absorption with gastric juice, suggesting that the antibody was distinct from antibody to intrinsic factor.
COMPLEMENT-FIXING ANTIBODIES
Immunofluorescent evidence for a distinct antibody to cell membranes was supported by complement fixation. Microsomes from the hog stomach and the 15 000 x g fraction from the body of the guinea-pig stomach were used as antigens in order to detect complement-fixing antibodies to both microsomes and cell membranes. The results are shown in table II. The antisera to the three parietal-cell preparations contained an antibody reacting to hog stomach in a titre of 1/32 to 1/64, a range of titre comparable to that found in the sera of patients with pernicious anaemia. Using the 15 000 x g fraction as the antrum by immunoelectrophoresis or immunodiffusion. A very weak reaction occurred when soluble protein from isolated parietal cells was used as antigen. The precipitin arc obtained was similar to that using soluble protein from the body of the stomach. These results support the immunofluorescent findings, suggesting the existence of a specific antigen in the parietal cell cytosol.
No antibody against soluble protein could be found in the sera from 30 patients with pernicious anaemia, nor in serum from three patients with chronic atrophic gastritis without the lesion of pernicious anaemia. Canalicular antibody was present in 22 of these. They were tested by immunodiffusion against soluble protein from both the body and the antrum of the guinea-pig stomach. No precipitin arcs were seen.
Discussion
Isolated liver cells have been successfully obtained by perfusing the liver of rats with collagenase. These isolated cells have been shown to be biochemically active and have been grown in tissue culture for short periods of time. An attempt to adapt this method for the isolation of parietal cells from the guinea-pig stomach has proved unsuccessful in so far as the isolated parietal cells were heavily contaminated with debris and other types of cell. Furthermore, the majority of parietal cells obtained by this method failed to exclude trypan blue. However, preparations of parietal cells with greater than 75 % purity could be obtained by incubating gastric fragments with collagenase in vitro. Once the conditions for isolation had been determined, the method was simple and usually reliable, although unsuccessful procedures occurred occasionally. The greatest difficulty was caused by the presence of large amounts of mucus which trapped the cells in the glands so that they were digested before being released into the surrounding medium. This problem was minimized by using an excess of medium in relation to the mass of gastric tissue. Using the methods described by Walder and Lundseth (1963) and by McDougal and deCosse (1970) for the isolation of rabbit parietal cells, we did not obtain satisfactory preparations and, in our hands, we found the method described gave much better and more reliable results. Likewise, we found that the use of pronase failed to isolate healthy parietal cells although this enzyme had been used successfully for isolating the parietal cells from the stomachs of rabbits, mice and Necturus (Blum, Shah, Wiebelhaus, Brennan, Helander, Ceballos, and Sachs, 1971; Romrell, Coppe, and Ito, 1973) .
VIABILITY
Parietal cells appear to be more resistant to enzymatic activity than other gastric mucosal cells, which may largely explain the success of the separative procedure. It was disappointing to find, however, that most cells remained viable for only about an hour, even under optimal conditions. The reasons for this are unknown but may partly be accounted for by damage inflicted by collagenase during the isolation procedure. However, enzymatic methods of separation employed by others do not appear to affect the respiratory rate, the maintenance of transmembrane potentials, and the selective movement of chloride ions against an electrical and concentration gradient by isolated parietal cells. Walder and Lunseth (1963) found a reduction in succinic dehydrogenase activity in their isolated parietal cells whereas in our studies these cells had undiminished activity at 21 hours when they were maintained at 40C.
ANTIGEN STUDIES
These relatively crude separative techniques have provided the means for characterization of four distinct parietal-cell antigens, namely, a membrane component, a microsomal fraction of the cell cytoplasm, a cytosol protein, and Castle's intrinsic factor. None of these antisera contained antibody only to a single antigen, presumably because the antigen preparation was not pure. However, the use of partially purified antigens allowed successful absorption of the resulting antisera so that antibody was seen to react at single well defined sites. This contrasted with our previous experience using differential absorption of antisera to whole gastric mucosal homogenates with mucosal fractions.
Our approach is essentially different from that of Ward and Nairn (1972) who used homogenized whole gastric mucosa of various species and proceeded to physical and chemical fractionating procedures so that all cell types may have contributed antigens. Since only the parietal cell in chronic atrophic gastritis of pernicious anaemia appears to contain the antigens against which an autoimmune response occurs, it seemed to us that, with a view to utilizing specific antigens in subsequent tests of humoral and cellular immune response, it might be desirable to exclude other cell types before proceeding to antigen purification. This is a preliminary report and so far few conclusions are justified. However, one interesting observation must be recorded. All four rabbit antisera to guinea-pig parietal cells reacted with all the species tested, including Rana catesbiana, though the degree of fluorescence was strikingly brighter with guinea-pig mucosa than any other of the species tested, suggesting some degree of species specificity. Human pernicious anaemia sera do not display these differences, except that, in our laboratory, only 12 out of 17 pernicious anaemia sera positive on human stomach gave positive reactions with gastric mucosa of R. catesbiana. This suggests the possibility that more than one antigen-antibody system may be involved. Preliminary studies of absorption with human, hog and frog gastric microsomal preparations suggest that both pernicious anaemia sera and rabbit antisera to guinea-pig parietal cells may sometimes contain a heterologous antibody to frog parietal cell cytoplasm. So far, this antibody has not been found in normal human and rabbit sera. The antibody may be similar to that described by Muller, McGiven and Nairn (1971) and further studies are in progress. 
